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Introduction.to Powder Metallurgy
In the modern aspect of powder metallurgy,
the first use of a> sintering process was ip.making
filaments for incandescent e+ectric lamps.~ In
the short while fromrthe day of Edison to the pres-
ent, the science of working with metal powders has
advanced by leaps and bounds to take its irrevocahle
place in modern processescmaking possible the recent
advances -in radio', television, electronics, radar,
2the proximity fuse and modern metal machining methods.
However, as is evident in other phases of the
arts and sciences, the use of the fundamental prin-
Ciples of powder work may be found in the relics and
monuments left to us by the ancients. As far back
as ··3000 B. C"'., the ancients heated and pounded par-
ticles of metals together to form them into usable
forms. In the 18th century, powder metallurgy was
used to work the then infusible platinum metals.
In 1830, a chemist, G •.Osann,3 published as.
paper in which he described a process using a?cop-
per powder made from the reduction of precipitated
copper carbonate. From this powder, medals and the
like were produced by compressing with a hammer or
knUckle press in a ring and punch apparatus. ( The.
compacts~thus formed were sintered properly and
found to be harder than cast copper.
The production of metal powders f~r paints,
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lacquers, ceramics and inks have been described in
manuscripts dating from 300 A. D. to the current
century.
Powder metallurgy, in a modern sense,'is dif-
ficult to define. A definition which may be cor-
rect today may exclude a new process, or a renova-
tion of an old process, tomorrow. However, powder
metallurgy may be described' as a process of pro-
ducing metallic objects from powdered metals with
the· assistance of heat below the melting point of
the final product. This same definition, is prob-
ably more clearly stated, by Schwarzkopf2 is, "Pow-
der metallurgy is the technology of transforming
metal powders into finished or semifinished products
by mechanical and thermal operations which are per-
formed at temperatures below the melting point of
at least the major part o-f the metal composition."
Applications
The applications of the fabrication of use-
ful Objects from metal powders take a variety of
forms. The more important of these applications
are as follows:
1. Refractory metals - The manufacture of
products from metals having a melting point above
-2-
the temperature attained in conventional melting
practice. i. e., Tungsten, molybdenum, tantalum
and columbium.
2. A combination of metal and non-metallic
powders to produce products retaining the individ-
ual characteristics of the constituents. i. e.,
cemented carbides, collector brushes, graphite-
bronze bearings, diamond impregnated grinding
wheels, diamond drill core bits, metallic friction
articles, metal powders in plastics.
3~ Development of structures not practical
by other methods. i. e., PorOSity in bearings,
metallic filters, laminated structures, radio and
telephone cores, matrix to bond babbitt to steel.
4. To provide a more economical means for
fabrication of products which can be made by other
methods. i. e., Parts from metal powders and Al-
nico magnets.
5. To combine two or more metals without
appreciable alloying so that the individual char-
acteristics of the component metals are maintained.
i. e., Electric contacts and welding electrodes.
6. Extruded metal powder products.
7. Bi-metallic products.
8. To produce medallions and jewelry. T
Previously the use of powder metallurgy was
-3- ..
)concerned mainly with the fabrication of parts
which were very difficult or impossible to make
by cOfiventional methods. Recently, and surely
in the future, the trend of the powder metallur-
gist is to compete with the orthodox methods of
manufacturing parts. Among the many problems
yet to be solved are:
1. Obtaindng metal powders ata cost ,that
will permit the powder process to compete econom-
ically with older and more conventional methods
of fabrication. The cost of metal powders will
undoubtedly decrease with the demand for more and
more powders suitable for fabrication into parts.
2. The betterment of physical properties of
the fabricated products~
3. The problem of fabrication of more compli-
cated shapes which would include improvements by
."1
p~ess and die makers also.
4., Holding dimensions withinlspecified lim-
its upon sintering is and will continue to be a
difficult problem, especially with further inves-
tigation'in the ferrous field.
Metal Powders
Metal powders used in the industry are made
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in many ways, the general classification consist-
ing of mechanical, physical and chemical meanso5
Mechanical methods - milling shotting, granu-
lation, atomizing and condensation.
Physical methods - carbonyls.
Chemical methods - reduction, precipitation,
chemical reactions, alloy disintegration and electro-
deposition.
The6 phYSical and chemical properties of the
powder used have a marked effect upon the proper-
t:tes of the finished product, the performance of
the material during pressing and sintering and the
economy of the process. Aside from the chemical
composition of the powder, interest in other basic
characteristics is essential. These characteristics
are: particle size and. size distribution, particle
shape, particle porOSity and particle microstructure.
Many other characteristics depend upon the ones just
listed. These are: apparant denSity, tap denSity,
flow factor, specific surface, compressibility,
compactibility, susceptibility to plastic deforma-
tion, work-hardening capacity, electric and magnetic
properties and thermal conductivity.
The standardization of manufacture and of the
finished product has not become as an exacting a._
science as has many other phases of metallurgy.
-5-
With the expansion of powder metallurgy and the
demand for more and more ca~~fully sized powders
with £tandardized chemical and physical properties,
the producers of these powders will surel~ find
ways and means of producing the powders required
by the industry.,
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cohe ai ono
Cohesion8 is probably the most theorized,
c
argued and speculated upon factor in metallurgy,
and surely in powder metallurgy. The resulting
products made by pressing and sintering are easi-
ly evaluated for porosity, hardness, physical
characteristics and chemical properties but the
factors involved in their production are diffi-
cult to explain. Why one surface adheres to an-
other has not been explained fully by one or any
of the many theories put forth by as many authors.
These theories may be placed in four general classes,
namely: (1) those which attempt to explain these
factors by the difference of potential between
surfaces; (2) surface-tension activity; (3)
an inter-atomic force; (4) mechanical inter-
locking.
Probably the least influential of these post-
ulations is mechanical interlocking. However,
it must be considered in surface relations for
mechanical interlocking has a very minor influence.
"Interatomic force" will explain nothing and
is merely a tag given to an observed phenomenon
or an interpretatiorulof an unknown in osbcure ter-
minology.
On the basis of differential of potential, we
find it is impossible to measure this potential
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between discrete particles, so again it is only a
postulation of an immeasureable force.
The most easily understood, and one for which
measurements may be made is surface tension. .The
outstanding physical characteristic in powder met-
allurgy is the vast amount of surfaces brought
into contact ",ith one another. This fact may be
better understood if a cube of one cubic cent-
imeter is consideredo This particle will have a
surface area of six square centimeters. However,
if this one particle is comminuted to pass through
a 325-mesh screen, the total square surface will
have been increased to 384,000 square centimeters.
"Thus, any forces, whether they be differential of
potential, interatomic attraction or any other
theoretical conception, are multiplied 64,000 fold.
Some of these forces appear to be different in
metal powders than in massive metals but some of
the phenomena observed in massive metals may be
considered •.
The most significant of these is "cold-weld-
ing."9 If two optically flat gauge blocks are
placed together, considerable force is necessary to
separate them. Atmospheric pressure may account
fOr Some of this force but the residual forqe must
be accounted for and may be considered as "cold-
-8-
welding." This same bonding may be observed by'
jOining, with only slight pressure, freshly shear-
ed surfaces of lead, tin, zinc, cadmium, copper or
gold. A clean surface and the plasticity of the
material enhance the bond formedo
Heat has a very marked effect upon the strength
of the material and tends to improve the surface-
to-surface contact and make the surface tension
more effective.
In fine powders, each powder particle carries
an envelope of gas which has formed during product-
ion or in transit. Pressing may displace some of
this gas, but when heat is applied a more intimate
contact between"particles is concieved by the driv-
ing off of the gas. Heat has effects upon other
phenomena also. It appears that the effects of sur-
face tension-are increased as the temperature is
raised. Recrystallization and crystal growth are
also affected and occur simultaneously and at an
accelerated rate at elevated temperatures. By
expelling the gas envelope around each particle
and increasing the size and growth of the crystals,
the boundary phase is strengthened. New crystal
growth is not usually considered but in the prob-
lem at hand, the presence of aluminum oxide,parti-
cles to furnish fresh nuclei and a liquid phase
-9-
to furnish material for growth, may contribute
to s~ch a possibilityo
The effect of heat may then be summarized
as follows:
(1) It accelerates and increases the effect-
iveness of surface tension re~ctions.
(2) Removes the interfering gas phase.
(3) Promotes crystal interlocking and keying.
(4) Promotes the growth of crystals to fill
vOids vacated by the gases expelled.
(5) Enhances mechanical interlocking by
furnishing a liquid network between solid particles.
(6) Increases plasticity~
The other ma.Ln:factor used by the powder met-
allurgist is pressure which lends aid to the heat-
ing effect. The principle effects of pressure are:
(1) Removal of most of the gas-film.
(2) Frictional cleaning and the production:
of new clean surfaces.
(3) Reorientation of surfact impurities.
(4) Increased plasticity.
(5) The breakdown of bridges.
The -employment of pressure also has an effect
upon the hardness and the density of the finished
product. Both characteristics increase with an,
increase in pressure but may be economical only to
-10-
a derinite point.
With this rather narrow insight into the
theoretical aspects or powder metallurgy, it may
be concluded that by pressing and sintering powd-
ers into a rinished or semi-finished product, the
above discussed principles are used.
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The Problem
The possibility of manufacturing superior prod-
ucts through powder metallurgy is becoming more and
more eVident. In the opinion of the author, an end-
eavor to improve bearing materials lies in this direc-
tion.
The propertiesll required for a good bearing
material are manyfold. Some properties are more
important than others depending upon the applica-
tion of the material. The most important of these
properties are: (1) Resistance to fatigue; (2)
Antiseizure characteristics; (3) Bonding ability;
(4) Compressive strength; (~) Deformability;
(6) Resistance to corrosion; (7) Structure.
As the physical properties of a bearing must
be determined after the production of the bearing,
the structure must be ,studied and investigated first.
The Possible procedure of making a bearing and an
investigation of its structure was then the ob-
jective of this thesis.
The once accepted theory that two metallographic
constituents, "hard crystals in a soft matrix", were
the optimum in bearing materials. This, however,
has been disproved in the wide use of pure tin, lead,
cadmium and silver as bearing surfaces.
The aluminum-bronzes have been used in heavy-
duty bearing applications and are exceptionally re-
-12-
sistant to acids and heat, it may then be possible
to use it as a bearing metal produced by powder
methods 0
Much12 difficulty has been experienced in the
formation of compacts from aluminum because of the
coat of oxide inherant on aluminum powders. There-
fore a temperature above the melting point of al-
uminum but below that of copper was chosen for
sintering. If the aluminum phase is molten it will
diffuse into the copper much more rapidly without
the retarding effect of the oxide coating. This
oxide will also furnish nuclei for the formation
of new crystals.
The problem was that of producing a sintered
compact of aluminum-bronze from copper and aluminum
powders and the subsequent improvement of the bear-
ing qualities by additions of lead, either by im-
pregnation or the addition of lead powder before
preSSing the green compact.
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Laboratory Equipment
The equipment and materials used in the
experimental work for this thesis were:
1. Metal powders'.
2. Tyler standard screens.
3. Weighing and mixing equipment.
4. Pressing equipment.
5. Hydrogen atmosphere sintering furnace.
6. Lead bath.
7. RockweL'l superficial hardness tester.
8. Metallographic polishing, briquetting and
photographic equipment.
9. Dark-room and allied equipment.
10. Micrometer.
Metal Powders: The aluminum, copper and lead
powders used were manufactured by the Metals Disin-
tegrating Company of Elizabeth, New Jersey. A
'chemical analysis of the powders was not available
but a screen analysis gave the following results:
Aluminum
-200 plus 250 ••••• 1.85%
-250 plus 270 ••••• 2.25%
-270 •••••••• ~95.90%.
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PLATE I
----------
Mixed Copper & Aluminum Powders
Copper - dendritic
Aluminum - spheroidal, atomized
200X
Etch - None
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Copper
-150 plus 200 •••••• 0050%
-200 plus 250 •••••• 5.35%
-250 plus 270. 0 •••• 9.90%
-270 •••••••••• 84.25%
Weighing and Mixing Apparatus: An analytical
balance was used to weigh all powders and compacts.
The raw powders were mixed in a 600 c.c. bottle by
rolling on power rolls for 15 minutes. The powd-
ers for each compact was again mixed on a rolling
cloth before being placed in the press.
Pressing Equipment: The pressing equipment
consisted of three major parts: a die, frame and
hydraulic jack. (See plate II.)
The die was machined in two halves and drill-
ed for six·bolts in order that the two parts could
be assembled into a solid square block. (See plate
III.) The assembled die-block was 4 inches square
and four and one-half inches high. The hole drill-
ed through the die-block was one-half inch in diam-
eter for two inches and two and one-half inches in
diameter for the remaining two and one-half inches.
The larger hole acted as a guide for the bottom
Plunger, while the half-inch diameter served as the
die.
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The bottom plunger, being movable, was machined
to a very close fit to form the lower portion of
the die. The upper plunger was stationary and
was machined to one-quarter inch to fit in the die
cavity.
The frame consisted of four one-inch steel
rods welded to a one-inch steel base. (See plate
II.) The top of the frame, which acted as a stop-
peribr the upper plunger, was made from a similar
steel plate. The die rested on a quarter-inch
plate bored with a two and one-half inch hole
which allowed the bottom plunger to go through.
Below this plate was another plate bored in the
same manner to allow the ram of the jack to go
through.
A jack furnished the pressure for the bottom
plunger. The jack was a Blackhawk, 40,000 pound
per square inch type, with a maximum pressure of
50,000 pounds per square inch gage reading. This
gage reading gave the pressure in pounds per square
inch on the ram which had a diameter of 2.562 inches.
As the lower plunger in the die was only one-half
inch in diameter, the true pressure was calculated
as follows:
T~ns/sq. in. • Gage readingArea of ram x 2000
in sq. in.
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PLATE II
Pressing Equipment
showing hydraulic jack, frame and
assembled die and plungers.
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PLATE III
Disassembled die
Showing;
Top - die body halves
Bottom left - bottom plunger
Bottom center - compact
Bottom right - top plunger
-19-
I
Hydrogen Atmosphere Sintering Furnace: The
furnace used fqr sintering the compacts was a
laboratory tube furnace. (See plate IV.) The
maximum temperature available was l8000F but the
furnace was operated at between l2500F and l600oF.
Current was drawn from a standard 110 volt A. C.
line and the amperage flow was controlled by a
rheostat. A copper-constantan thermocoupl~ connect-
ed to a Wilson-Maulen millivoltmeter, after being
standardized against a Bristol pyrometer, was used
to indicate furnace temperatures.
The hydrogen atmosphere was obtained from a
tank of compressed hydrogen. The hydrogen was
first passed through a gas washer containing pyro-
gallic acid to remove any oxygen which may have
been present. The gas then passed through another
gas washer containing sulfuric acid and two U-tubes
containing calcium chloride to remove any mois-
ture which may have been retained in the ga·s. The
hydrogen then entered an air-tight, fused-quartz
tube and was burned at tne discharge end.
The tube of the furnace was fitted with a
cooling chamber at the discharge end. This cooler
consisted of a copper sleeve wrapped with copper
tubing through which water was circulated.
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PLATE s»
Hydrogen Atmosphere Sintering Furnace
Showing:
Current control - rheostat & ammeter'
Hydrogen atmosphere - tank~ washers & driers
Pyrometer - thermocouple & millivoltmeter
Cooling chamber & fused-quartz' tube
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Lead Bath: The lead impregnation bath consisted
of a crucible mounted in a ring stand and heated by
three Bunsen burners. The compacts were forced down
into the bath by a steel cylinder.
-22-
Experimental Procedure
An alloy of 88% copper and 12% aluminum was
chosen arbitrarily for this investigation. (See
plate V.) This ratio of copper to aluminum was
held constant for the compacts made, but the
amounts of lead and graphite were varied.
The powders, after being weighed in the ratio
of 88 grams of c~pper and 12 grams of aluminum,
were placed upon the power-driven rolls and mixed
for 15 nunut.e.a,
The mixed powders were weighed out to five
grams on an analytical balance and mixed on a
rolling cloth. By means of a funnel, the powder
was placed in the die which had previously been
positioned in the press. The correct ammount of
pressure was applied by means of the hydraulic
jack. The pressure was left on for three minutes
and then released. The top plunger was removed,
pressure was again applied, and the green compact
ejected from the top of the die~ This procedure
was used for all compacts fabricated.
The green compacts, upon removal from the die,
were consolidated enough to handle. Their dimen-
at.ens and weights were taken and the percent'age of
voids calculated as follows,:
weight in grams = Actual specific
gravityvolume in c.c. of compact
-23-
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88 p;ms. Cu
8.92 F!J1l./c.c.-- 9.86 coco of Cu
12 gms. Al
2.70 F!J1l./c.co -- '4.44 c.c. of Al14.30 c.c. of alloy per
100 gms.
100
14.30 -- 6.98 . = theoretical specificgravity.
100 - actual spec. gr.
theoo spec. gro = voids x 100 = % voids.
The green compacts were then placed in an-:
alundum boat and placed in the tube furnace for
sintering. After sintering for a specified time,
the compacts were placed in the lead bath at 6000F
for one houn , After this impregnation, the compactss
were again weighed and the amount of lead absorbed
was calculated. The volume of lead was determined
as follows:
gms. of lead absorbed = volume in c.c.
spec. gravity of lead of Pb absorbed
vol. in c.c. of Pb
vol. of compact
= %, 'vol , of compact
occupied by the Pb
To examine the effects of variables such as
compacting pressure, contained amounts of graphite,
and contained amounts of lead, the following series
of compacts was used:
1. Series,::I. Compac'bae of 88% copper and
-25-
12% aluminum were compacted at different pressures.
The green compacts.:were sintered at 10000F for 24
hours in anoxidiz:tng atmosphere, (air)'0
20 Series II. Compacts.of 86.24% copper and
11.76% aluminum and 2% graphite were pressed at
different pressures. The green compacts were
then sintered at l4500F for 20 hours in a reduc-
tng atmosphere, (hydrogen).
30 Series III'. Compacts of 88% copper and 12%
aluminum with varying amounts of graphite were
pressed at 38.2 tons per square inch and sintered
in hydrogen at l3000F for 24 hours. The sintered
compacts were then impregnated in a lead bath at
600°F for one hour.
5. Series V. Compacts of 88% copper and 12%
aluminum mixed with varying amounts of lead
4. Series IV. Compacts of 88% copper and 12%
aluminum were pressed at different compacting
pressures and sinnered for 24 hours at l3000F
in a hydrogen atmosphere. The sintered compacts
were impregnated in a lead bath at 6000F for one
hour.
-26-
powder were compacted at 38.2 tons per square
inch and sintered at 13000F for 24 hours in.a"
hydrogen atmosphere.
-27-
Series I
Compacts - 88% copper and 12% aluminum, sintered
at 10000F for 24 hours in an air atmosphere.
S:QecimenNo. Com:Qactine;Pressure Observed Results
lA 2.83 tons/sq. in. Oxidized completely
2A 5.iO " Deep oxidation
3A 7.60 " If
4A 10.00 " "
5A' 12070 It "
Series·II
Compacts - 86.24% copper, 11.76% aluminum and 2%
graphite. Sintered at 14500F for 20 hours in a
hydrogen atmosphere.
S:QecimenNo. Com:Qactine;Pressure Results
IB l2~7 tons/sq. in. Complete diffusion·
2B 22.9 If If "
38.2 " " "3B
4B 50.8 " " "
5B 5.1 " If ff
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PLATE VI
Compact - As pressed
Pressure - 7.6 tons per square inch
88% Cu & 12% Al plus 2% Graphite
White areas - Cu and Al
Dark areas - Graphite and voids
200X
Etch - None
-29-
PLATE VII
Compact - Partially sintered
88% Cu & 12% Al plus 2% Graphite
Pressed 7.6 tons per square inch
Sfntered 2 hours,..at 13000]'-
Hydrogen atmosphere
Showing partial diffusion
aluminum in copper
200X
Etch - None
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PLATE VIII
Compact - Sintered
88% Cu & 12% Al plus 2% Graphite
Pressed 7~6 tons per square inch
Sintered 24 hours at 13000F
Hydrogen atmosphere
Showing complete diffusion of
aluminum im copper
200X
Etch - None
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Series III
Compact - 88% copper and 12% aluminum plus varying
amounts of graphite., Pressed at 38.2 tons per
square inch. Sintered in hydrogen at 13000F for
24 hours. Impregnated in lead at 6000F for 1 hour.
Spec. No. % graphite
lC 3
20 4
30 5
40 6 -
50 10
Size before sinter
diam. x- heighth
10 •505 in. ~253 in•
20 .505 It .264 "
30 .505 " .267 II
40 .505 II .269 It
50 .505 " .289 II
wt. (Ou & Al) .Wt. graphite
4.85 gms. 0.15 gms ,
4.80 II Q.20 fI
4.75 If 0.25 "
4.70 II 0~30 II
4.50 . II 0.50 "
Weight before sinter
4.9169 gms.
4.9662 II
4.9474 "
4.9177 If
5.0065 "
Size after Impregnation, Weight after Impregnation
10 •520 in. .298 in• 5.0794 gms.
20 .521 " .286 II 5.1308 II
30 .520 " .290 tI 5.0858 "
40 .520 " .292 " 5.0528 II
5C .522 It .324 II 5.1693 "
-32-
Serie'scIII
Hardness after Impr~gnation (RI5T)
10 -44
2C _ 42r,
3C - 38
4C - 28
5C - very soft
SJ2ec. . -- Vol.
SpecificG!;'avity
No. Wt. grams c.c. Actual Theoretical
1C 4.9169 0.832 5.92 6.60
2C 4.9662 0.870 5.71 6.45
3C 4.9474 0.879 5.63 6.33
4C 4.9177 0.875 5.62 6.22
5C 5.0065 0.953 5.26 5.78
Per Cent Voids
1C - 14.25
2C - 14.62
3C 14.90
4C - 15.15
5C - 16.39
Increase Wt. from Impregnation"
1C - 0.1625 gms.
2C -0.1646 It
3C - 0.1384 "
4C - 0.1351
5C - 0.1628
"
"
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Series III
Vol. Pb % Voids
S12ec• No •. Absorbed Filled
1C 0.01432 c.c. 12.08
2C 0.01450 " 11.42
3C 0.01220 II 9.33:'
4C 0.01190 " 8.97
5C 0.01435 If 6.45
-34-
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Series IV
Compacts - 88% copper and 12% aluminum. .Sintered
for 24 hours at 13000F in a hydrogen atmosphere.
Impregnated in lead for one hour at 600oF.
Speco No. Compacting Size before sinter After sinterPressure diam. height diam. height
ID 2.83 T/in2 0505 in•• 424 in. .518 in•• 442 in.
2D
3D
4D
5D
Spec. No.
olD
2D
3D
4D
5D
5.10
7060
10.00
12.70
If .374-
.346
.323
.309
.505
.505
0505
.505
" II
n If
" "
weight after
sinter weight afterimpregnation
5.1408 gms.
4.9898
4.9940
5.0071
5.0650
If 5.1240
5.0392
5.0401
5.0978
"
"
"
"
"
"
"
" ".512
.510
.510
.5~0
.383
.352
.330
.320
"
" If "
II " "
II If "
weight of leadimpregnated
0.1052 gInS.
0.1342
001452
0.0330
0.0328
"
"
"
Spec. No. Hardhess (R-15T)
ID Very soft
2D 0
3D 25
4D 36
5D 39
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Series IV
Spec. GravoS:2ec•No. Wt. 5!!!s.Vol. c.c. Actual Theo. ~ Voids
1D 500356 1.53 3.29 6.99 13.85
2D 4.9898 1029 3.87 6.99 13.753
3D 409940 1018 4.23 6099 13.70
4D 500071 1010 4.46 6.99 13.67
5D 5.0650 1007 4.73 6.99 13.65
Vol. Pb Per cent of per cent voidsSpec. No. Absorbed COID:2actvol. _filled
lD .00928 c.c. 0.606 4.38
2D 001182 " 0.917 6.67
3D .01282 " 1.088 7.94
4D .00291 " 0.265 1.94
5D .00289 " 0.270 1.98
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PLATE IX
------------ -
Compact - Impregnated
Pressed at 7.6 tons per square inch
.Sintered,24 hours at l3000F,
Impregnated 1hour at 600°F
White areas - aluminum-bronze
•
Dark areas - impregnated lead
200X
Etch .;.None
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2025'Y
Series V
Compact - 88% copper and 12% aluminum plus varying~
percentages of lead powder. Compacting pressure
I
of 38.2 tons per square inch. Sintered for 24
hours in a hydrogen atmosphere at 1300oF.
S:Qec. No. ~ Lead Wt. Cu & Al ~s. wt. lead e;!!!s.
IE 5 4.75'": 0.25
2E 10 4.50 0.50
3E 15 4.25 0.75
4.00 \4E 20 1.00
5E 25 3.75 1.25
6E 50 2.50 2.50
After Sinter
S:Qec. No. diam. height weight vol. c.c .. Hardness R1ST
IE •505 in. .239 in • 4.9250 0.782 58
2E '.505 n .236 " 4.9583 0.772 40
3E .505 II .230 " 4.9827 0.752 19
4E .505 II .224 If 4.9774 0.733 very soft
5E .505 II .221 II 4.9687 0.723 II II
6E .505 II .195 " 4.9467 0.638 " "
-42-
Series V
Specific GravityS:Qec.No. Actual Theoretica1- Per cent voids
IE 6.28 7.02 13035
2E 6.42 7.20 13.00
3E 6.64 7.42 12.60
4E 6.78 7.54 12.36
5E 6087 7.68 12.10
6E 7.74 8.555 10.80
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PLATE X
Compa.ct
88% Copper, 12% Aluminum plus 20% lead
Pressed at 38.2 tons per square inch
Sintered for 24 hours at l3000F
Dark_areas - lea.d
White areas - aluminum-bronze
200X
Etch - None
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Conclusions
From the tests performed on the compacts, the
follovling conclusions have- been] drawn:
1. High compacting pressures~give the highest
densities and as a result the lowest amount of lead
impregnation. Higher compacting pressures also
result in higher hardnesses.
2. The amount of graphite added to the comp-
osition of the compact lowers the hardness and does
not result in a greater porosityo A small amount
of graphite may be advantageous in improving the
physical properties of the bearing material.
3. The compacting pressures increase the hard-
ness and decrease the porosity. Further investiga-
tiony-;willbe necessary to perform physical tests
upon the compacts made with different compacting
pressures to determine which may be the optimum in
quality.
4. The structure of these compacts reveals
one which may be considered a material for bearing
construction-. The impregnated lead may serve as a
soft material" into which hard particles may be im-
bedded. The aluminum-bronze material should work-
harden and furnish a hard bearing surface.
5. The compacts made with powdered lead became
-45-
softer with an increase in contained lead. The
larger the amount of lead the greater the Ilsweating"
of material upon sintering and the softer the sint-
ered material. The structure of the sintered 'product
shows what appear-s to be a eutectic formation of lead
and aluminum-bronze. This material shows promise of
being a possible and probable bearing material.
Further investigation of the physical properties
will show and possibly prove the use of aluminum-
bronze, either impregnated or mixed with lead, as a
bearing materialo'
-46-
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